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ABSTRACT
The p resen ce  and s y n th e s is  o f  RNA in  s t a t o b l a s t s  o f  P e c t in a t e l l a  
m a g n ific a  have been  an a ly zed  by s tu d ie s  o f - u r id in e  u p tak e  and 
in c o rp o ra t io n  in to  RNA, ac tin o m y cin  D in h ib i t i o n ,  and e x t r a c t io n  of 
pu re  RNA and o f  polysom es and f r e e  ribosom es.
S t a to b la s t s  c o l le c te d  in  th e  f a l l  and s to re d  a t  k  C w ere induced  
t o  germ in a te  by t r a n s f e r  t o  25 C, An a c t iv a t io n  p e rio d  o ccu rred  betw een 
t r a n s f e r  and g e rm in a tio n  d u r in g  which th e r e  was a  m easurab le  in c re a s e  
i n  1 ) u p tak e  and in c o rp o ra t io n  o f u r id in e  in to  RNA a f t e r  a  one h o u r 
la b e l in g  p e r io d , 2) in  e x t r a c ta b le  p o p u la tio n s  o f f r e e  ribosom es and 
polysom es, 3) in  u r id in e  in c o rp o ra t io n  in to  ribosom es and polysomes 
a f t e r  a  12 j/k- h o u r la b e l in g  p e r io d , and *0 in  th e  amounts o f 18S and 
28S ty p e s  o f  e x t r a  c ta b le  pu re  RNA, A ctinom ycin D, a t  c o n c e n tra tio n s  o f 
up  t o  5 0 /^g /ra l, d id  n o t s ig n i f i c a n t l y  a f f e c t  g e rm in a tio n , b u t d id  induce  
m o rp h o lo g ica l a b n o rm a lit ie s .  S ta to b la s t s  in c u b a ted  i n  50A g/m l 
ac tin o m y c in  D a t  26 h o u rs  b e fo re  g e rm in a tio n  developed  on ly  t o  th e  
s ta g e  o f p ro tru d in g  t r a n s lu c e n t  t i s s u e .  S ta to b la s t s  in c u b a te d  a t  
g e rm in a tio n  developed  in to  abnorm al b u t re c o g n iz a b le  an im a ls .
The r e s u l t s  in d ic a te  t h a t  RNA i n  th e  f o r a  o f f r e e  ribosom es and 
polysom es i s  p re s e n t in  th e  s t a t o b l a s t  which i s  dorm ant a t  ^  C. D uring 
th e  a c t i v a t io n  p e r io d  b e fo re  g e rm in a tio n , RNA i s  most l i k e l y  s y n th e s iz e d  
i n  th e  form  o f  rib o so m al RNA and p o s s ib ly  some m essenger RNA. The 
RNA which i s  s y n th e s iz e d  b e fo re  g e rm in a tio n  i s  re q u ire d  f o r  com plete 
developm ent o f th e  norm al a n im a l.
v i i
THE PATTERN OF RNA SYNTHESIS IN DORMANT 
AND GERMINATING STATOBLASTS OF 
PECTINATELLA MAGNIFICA
INTRODUCTION
Dormancy and c ry p to b io s is  ar© common s ta g e s  i n  l i f e  c y c le s  o f 
p l a n t s ,  a n im a ls , and m icroo rgan ism s. Dormancy i s  a  s t a t e  o f hypom etabolisnu 
I t  i s  an  a d a p ta t io n  t o  r e s t r i c t e d  food  s u p p lie s  o r  t o  env iro n m en ta l 
ex trem es in  organism s such a s  b a c t e r i a l  sp o res  (Sussman and H alvorson ,
1966 ) ,  p ro to zo an s  ( s e e  rev iew  by Pennak, 1953)» sponge "gemmules," r o t i f e r s  
(H ic k e rn e l l ,  1917), and ta r d ig r a d e s  (Crowe and H ig g in s , 1967)# Dormancy 
i s  th e  c h a r a c t e r i s t i c  s t a t e  o f a norm al, u n f e r t i l i z e d  egg (G ross, 1967)* 
Embryonic s ta g e s  in  a  w ide v a r i e ty  o f organism s such a s  buds (Z e e v a a r t, 
1966 ) ,  seeds (M arre, 19&7), "w in te r  eggs” ( s e e  rev iew  by  Bayer and Owre, 
1968), and d ia p a u s in g  in s e c ts  (W igglesw orth , 1966; Beck, 1967) a re  in  
a  dormant s t a t e .  The te rm  ”c ry p to b io s is "  (K e i l in ,  1959) i s  
a p p lie d  t o  organism s undergo ing  extrem e am etabolism  such a s  c y s ts  o f 
b r in e  shrim p, A rtem ia s a l in a  ( s e e  e le c t r o n  m icroscope s tu d y  by M orris 
and A fz e liu s ,  I 967 ) and chironom id la rv a e  (H in to n , i 960 ) .
Many s p e c ie s  o f f re s h w a te r  b ryozoa (phylum E c to p ro c ta )  produce 
i n t e r n a l  buds c a l le d  " s t a t o b l a s t s , "  which fu n c t io n  t o  p re se rv e  th e  
s p e c ie s  th ro u g h  p e r io d s  o f en v iro n m en ta l a d v e r s i ty .  The p re se n t s tu d y  
i s  concerned w ith  s t a t o b l a s t s  from  one such s p e c ie s ,  P e c t in a te l l a  
m a g n if ic a . Many c o lo n ie s , each composed o f 12 t o  18 an im a ls , s e c re te  
and cover th e  s u rfa c e  o f a  j e l l y - l i k e  m ass; Each co lony  r e s u l t s  from
2
3t h e  a s e x u a l re p ro d u c tio n  (b u d d in g ) o f a  p a re n t an im al, -which in  t u r n  
may have d eveloped  e i t h e r  from  a  s e x u a lly  produced la r v a  o r from  a 
g erm ina ted  s t a t o b l a s t .  G e n e ra lly  th e  an im als grow on submerged lo g s  
w ith  s u f f i c i e n t  l i g h t  i n  a lk a l in e  w a te r a t  a  te m p e ra tu re  around 20 C.
W ater te m p e ra tu re  i s  th e  main en v iro n m en ta l f a c t o r  c o n t r o l l in g  growth 
and s u r v iv a l  o f  th e  c o lo n ie s  ( s e e  Hyman, 1959).
A s t a t o b l a s t  c o n s is t s  o f  a mass o f ep iderm al and p e r i to n e a l  c e l l s  
i n  th e  form  o f a  g a s t r u la  c o n ta in in g  y o lk y  m a te r ia l  and e n c lo sed  in  
two c h i t in o u s  v a lv e s .  S t a to b la s t s  f a c i l i t a t e  s p e c ie s  p re s e rv a t io n  
th ro u g h  p e r io d s  o f en v iro n m en ta l s t r e s s ,  sp e c ie s  d is s e m in a tio n  because  
th e y  f l o a t ,  and , g e la t in o u s  mass fo rm a tio n  b ecause  one o f th e  v a lv e s  
h a s  s p in e s  w ith  a n c h o r lik e  t i p s  which h o ld  many s t a t o b l a s t s  to g e th e r  
b e fo re  g e rm in a tio n  (R ogick , 1 9 38).
P h y s io lo g ic a l  s tu d ie s  o f  s t a t o b l a s t s  have been perform ed by 
Brown (1 9 3 3 ). He observed  t h a t  th e  m a jo r i ty  o f th e  s t a t o b l a s t s  o f  
P e c t in a t e l l a  m ag n ifica  a r e  produced i n  th e  f a l l  and germ ina te  i n  th e  
s p r in g .  G erm ination  and developm ent can occur o n ly  a f t e r  th e  s t a t o b l a s t  
h as  undergone a  r e s t  p e r io d , At l e a s t  fo u r  months i s  r e q u ire d  f o r  
s t a t o b l a s t s  h e ld  a t  24 C t o  re ach  th e  p ro p e r s t a t e  f o r  g e rm in a tio n . 
S ta to b la s t s  f ro z e n  a t  -12  C f o r  175 days germ ina te  f a s t e r  th a n  th o se  
f ro z e n  f o r  s h o r te r  p e r io d s .  O ptim al g erm in a tio n  te m p e ra tu re  i s  betw een 
19 C and 27 C. A lthough l i g h t  h a s  no a f f e c t  on p e r  c e n t g e rm in a tio n , 
s t a t o b l a s t s  k e p t i n  th e  d a rk  g erm ina te  and develop  more r a p id ly  
th a n  th o s e  in  th e  l i g h t .  S ta to b la s t s  r e t a i n  t h e i r  v i a b i l i t y  b u t 
w i l l  n o t germ in a te  in  w a te r  low o r devo id  o f oxygen, D e s s ic a tio n  
d e c re a se s  th e  p e r  cen t g e rm in a tio n  a f t e r  o n ly  10 days d ry in g .
4S tu d ie s  o f mechanisms c o n t r o l l in g  dormancy, c ry p to b io s is  and th e  
resu m p tio n  o f developm ent have been perform ed in  o rd e r  t o  d e f in e  c o n tro ls  
o f  gene a c t i v i t y .  There i s  a un ique p o in t  i n  tim e  (g e rm in a tio n  o f 
th e  c y s t  o r  f e r t i l i z a t i o n  o f th e  egg) when i t  i s  obvious t h a t  a c t i v a t io n  
h as  o ccu rred  and t h a t  th e  system  h as  been a l t e r e d  d r a s t i c a l l y .  The 
b io ch em ica l e v e n ts  d u r in g  th e  change from  dorm ant t o  a c t iv e  may r e f l e c t  
changes i n  gene c o n t r o l .  The h y p o th e t ic a l  p a t te r n  o f t r a n s f e r  o f  
in fo rm a tio n  from  genes t o  cy top lasm  in v o lv e s  a  t r a n s c r i p t io n  o f  DM code 
i n t o  m essenger RNA (mRNA) which jo in s  w ith  ribosom es in  th e  cy top lasm  
and form s th e  f u n c t io n a l  u n i t  f o r  t r a n s l a t i o n  f o r  p r o te in  s y n th e s is — 
th e  p o ly r ib  os ome( p o ly s  ome) .  S in ce  th e  e la b o r a t io n  o f th e  operon th e o ry  
by  Jacob and Monod (1961* 1963) ,  developm en ta l b io lo g i s t s  have been  
concerned  w ith  th e  c o n tro l  o f  gene a c t i v i t y  a t  th e  le v e l s  o f  t r a n s c r i p t i o n  
(RNA s y n th e s is )  and t r a n s l a t i o n  ( p r o te in  s y n th e s i s ) .
S tu d ie s  of RNA s y n th e s is  and o f th e  p re sen c e  and a c t i v i t y  o f
polysom es and f r e e  ribosom es have been  perform ed on s e v e ra l  dorm ant o r
c r y p to b io t ic  sy stem s. DNA c o n tro l  over dormancy i s  e v id e n t in  th e
s tu d y  o f  th e  p o ta to  bud (Tuan and Bonner, 1964) in  which dorm ant
bud ch rom atin  l im i te d  in  v i t r o  RNA s y n th e s is ,  a s  m easured by in c o rp o ra t io n
14o f  random ly la b e le d  C -ad en y lic  a c id  in to  RNA, t o  o n e - te n th  o f th e  
amount by  non-donnant bud ch ro m atin . The a u th o rs  conclude t h a t  th e r e  
i s  r e p re s s io n  o f  g e n e tic  m a te r ia l  i n  dorm ant buds and d e re p re s s io n  on 
b re a k in g  dorm ancy.
In  s tu d ie s  o f  dorm ant bean  se e d s , Mar r e  (196?) observed  t h a t  
t o t a l  RNA r a p id ly  in c re a s e s  t o  a  maximum d u rin g  seed  developm ent, b u t 
p ro g re s s iv e ly  d e c re a se s  t o  v e ry  low v a lu e s  in  th e  m ature d ry  se e d .
5Polysom es and ribosom es a r e  b a r e ly  d e te c ta b le  i n  m ature  s e e d s . On 
g e rm in a tio n , t h e r e  i s  de novo s y n th e s is  o f ribosom es and subsequen t 
in c re a s e  i n  polysome p o p u la t io n s ,  Marcus (1964) h a s  a l s o  su g g ested  
t h a t  p la n t  seed s  c o n ta in  a  s to re d  in a c t iv e  form  o f  mRNA which becomes 
a c t iv e  d u r in g  im b ib it io n  and g e rm in a tio n .
E x ten s iv e  b io ch em ica l s tu d ie s  have been  perform ed on en cy s ted  
embryos o f b r in e  shrim p, A rtem ia s a l i n a . There i s  n e i th e r  c e l l  
d iv i s io n  (N ak an ish i, e t  a l . ,  1962) n o r n u c le a r  DM in c re a s e  (N ak an ish i 
e t  a l ,  1963) u n t i l  em ergence a t  th e  n a u p liu s  s ta g e .  However, Clegg (1966) 
dem o n stra ted  a c t iv e  p r o te in  s y n th e s is  th ro u g h o u t p re-em erg en t developm ent.
S tu d ie s  o f RNA s y n th e s is  i n  eggs and embryos o f th e  South A fric a n  
claw ed to a d , Xenopus l a e v i s , in d ic a te  t h a t  s in c e  ac tin o m y cin  ( a  p o te n t 
i n h i b i t o r  o f RNA s y n th e s i s ) a r r e s t s  developm ent i n  th e  g a s t r u la r  s ta g e ,  
developm ent can  p roceed  up t o  t h a t  p o in t  w ith o u t d i r e c t io n  from  th e  
em bryonic genome (B rac h e t, D en is 'an d  d e V itry , 1 9 64). Using su c ro se  
d e n s i ty  c e n t r i f u g a t io n  o f  e x t r a c te d  RNA, Bachvarova e t  a l , (1968) showed 
t h a t  mRNA r e p re s e n ts  th e  m a jo r i ty  o f th e  RNA w hich m ust be sy n th e s iz e d  
a t  g a s t r u l a t i o n .
B iochem ical a s p e c ts  o f  dormancy and developm ent in  sea  u rc h in  eggs 
and embryos have been  review ed by  S p i r in  (1 9 6 6 ), He g iv es  ev idence  
f o r  th e  p re sen ce  o f  a  •masked" form  o f mRNA, f o r  th e  p o s s ib i l i ty  o f  th e  
e x is te n c e  o f mRNA-carrying p o s tr ib o so m a l p a r t i c l e s  (inform osom es), and f o r  
th e  e x is te n c e  o f "masked” po ly rib o so m es.
In  s tu d ie s  o f in s e c t  d ia p a u se , i t  was shown t h a t  d e c re a s in g  
p h o to p e rio d  s t im u la te s  b io ch em ica l a c t i v i t i e s  t h a t  become m a n ife s t as  
d iap au se  when te m p e ra tu re  d e c l in e s  (P e te rs o n  and Hamner, 1968).
6D uring  p u p a l d ia p a u se , en erg y  i s  s t i l l  u t i l i z e d  and p r o te in s  and RNA, a re  
sy n th es ized *  however, DNA s y n th e s is  i s  c h a r a c t e r i s t i c a l l y  absent: 
(K rishnakum aran e t  a l . ,  19&7)* On a ro u s a l ,  ecdysone s t im u la te s  th e  
p ro d u c tio n  o f e x i s t in g  p r o te in s  and n u c le ic  a c id s  (Reddy, Rami, and 
W yatt, 1967) ,  and s t im u la te s  e i t h e r  s y n th e s is  o r  a c t i v a t io n  o f c e r t a in  
mRNA's which e f f e c t  th e  t r a n s l a t i o n  o f new p r o te in s  e s s e n t i a l  t o  
i n i t i a t i o n  o f DNA s y n th e s is  and f u r t h e r  developm ent (K rishnakum aran 
e t  a l . ,  1967).
B iochem ical a s p e c ts  o f  s t a t o b l a s t  dormancy and g e rm in a tio n  have n o t 
been  p re v io u s ly  in v e s t ig a te d .  T h e re fo re , t h i s  s tu d y  was u n d e rtak en  in  
o rd e r  t o  d e s c r ib e  th e  p o s s ib le  s t a t e  o f , o r  c o n tr o l  o v er, gene a c t i v i t y  
i n  s t a t o b l a s t s .  The p rim ary  o b je c t iv e s  o f th e  s tu d y  w ere: 1 . t o  d e term in e  
w hether s t a t o b l a s t s  a r e  c r y p to b io t ic  o r dorm ant, and w hether g e rm in a tio n  
and developm ent cou ld  be s t im u la te d  and p a r t i a l l y  sy n ch ro n ized  by  a 
c o ld  tre a tm e n t  s im i la r  t o  t h a t  found in  n a tu r e ; 2 . t o  in v e s t ig a te  th e
s y n th e s is  o f  RNA a f t e r  a c t i v a t io n  by s tu d ie s  o f i n h i b i t o r  e f f e c t s  and 
i in  c o rp o ra t io n  o f p re c u rs o rs  i n to  RNA; 3* t o  d e te rm in e  w hether p o p u la tio n s  
o f po ly ribosom es and f r e e  ribosom es e x i s t  i n  th e  dorm ant and a c t iv a te d  
s t a t o b l a s t s ;  and k .  t o  d e te rm in e  w hether a  s p e c i f i c  sequence o f ty p e s  
o f  RNA i s  s y n th e s iz e d  a f t e r  a c t i v a t io n .
MATERIALS AND METHODS
S ource  and m aintenance o f s t a t o b l a s t s
C o lon ies  o f  P e c t in a t e l l a  m ag n ifica  w ere c o l le c te d  betw een A ugust 28 th  
and O ctober 1 0 th  from  Lake Pasbehegh n e a r  th e  James R iv e r w est o f  
W illiam sb u rg , V irg in ia ,  and h e ld  in  s e p a ra te  a e r a te d  a q u a r ia  a t  23~25 ^ 
i n  w a te r  from  th e  n a tu r a l  h a b i t a t  ( h e r e a f t e r  r e f e r r e d  t o  a s  "pond w a te r " ) .  
No a d d i t io n a l  food  was p ro v id e d . As th e  c o lo n ie s  d e g e n e ra te d , s t a t o b l a s t s  
w ere r e le a s e d  and f lo a te d  t o  th e  s u r f a c e .  They were c o l le c te d ,  and 
s to r e d  in  0 ,5  t o  1 .5  g p o r t io n s  i n  screw  cap v i a l s  w ith  10 ml o f  pond 
w a te r  i n  th e  d a rk  a t  e i t h e r  4  C (= ^ s t a t o b l a s t s )  o r  25 C (=25 ° s t  a t  o b la s t  s ) ,  
Mean wet w eig h t p e r  s t a t o b l a s t  was 0 ,1  mg a f t e r  b r i e f  b l o t t i n g .
A ll  pond w a te r  was p r e f i l t e r e d  th ro u g h  Whatman #1 f i l t e r  p ap e r , and 
M il l ip o re  f i l t e r e d  (p o re  s iz e  0 , 6 5 ^ )  i n  o rd e r  t o  c l a r i f y  b e fo re  u s e .
In  o rd e r  t o  o b serve  developm ent, s t a t o b l a s t s  w ere p lac e d  in  pond 
w a te r  o r  i n  ac tin o m y cin  D (M erck, S harp  and Dome, C o,) ( a t  c o n c e n tra tio n s  
o f  1 2 ,5 , 25, o r  50/u g /m l) in  f in g e rb o w ls  o r  d e p re s s io n  s l i d e s .  In  th e  
d e p re s s io n  s l i d e s ,  25 o r  50 s t a t o b l a s t s  w ere p laced  in  each d e p re s s io n  
w ith  1 ,0  ml o f  f l u i d  • The f l u i d  was r e p le n is h e d  a s  n e c e s sa ry  t o  
m inim ize d ry in g  o r  a n t i b i o t i c  i n a c t iv a t io n .  A ll  c u l tu r e s  were m ain ta in ed  
i n  a m o is t chamber in  a  d a rk  in c u b a to r  a t  25 C u n le s s  n o ted  d i f f e r e n t l y  
b elow . P e r io d ic a l ly  th e  s t a t o b l a s t s  were examined a t  25 X m a g n if ic a tio n  
t o  d e te rm in e  th e  number germ ina ted  and t h e i r  s t a t e  o f developm ent,
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8In  o rd e r  t o  s tu d y  in d u c tio n  and s y n c h ro n iz a tio n  o f g e rm in a tio n ,
600 s t a t o b l a s t s  which had  been  s to r e d  a t  e i t h e r  k  C o r  25 C f o r  3** days 
a f t e r  r e le a s e  w ere in cu b a te d  in  d e p re s s io n  s l i d e s  w ith  0.001 M 
t r i s (h y d r o x y  m eth y l) amino m ethane ( " t r i s " )  i n  pond w a te r  pH 7 ,7  in  
a  m o is t chamber and exposed t o  th e  l ig h t - d a r k  sch ed u le  o f th e  la b o r a to ry .  
"When in c u b a tio n  was begun, 60 o f  th e  25 es t a t  o b la s ts  w ere open b u t had 
n o t begun t o  show t r a n s lu c e n t  t i s s u e ,  w hereas none of th e  ^ s t a t o b l a s t s  
had  germ inated  sp o n ta n e o u s ly . T hree hundred s t a t o b l a s t s  s to re d  65 days 
and 150 s t a t o b l a s t s  s to r e d  e ig h t  months were t r e a t e d  s im i la r ly .
R e s p ira tio n  s tu d ie s
Oxygen consum ption was de term in ed  on new ly r e le a s e d  and on fo u r-d a y  
o ld  25° s t a t o b l a s t s  (300 o r  600 p e r  sam ple) i n  5*0 ml pondw ater s a tu r a te d  
w ith  oxygen a t  25 C (= 5 * 8 ^ 1  02/m l) (Hughes, 1965) .  M easurements were 
ta k e n  f o r  120 o r  200 m inu tes  u s in g  e i t h e r  oxygen e le c tro d e s  (Y ellow  
S p rin g s  In s tru m e n t Company) o r Warburg re s p iro m e te r s .  A n t ib io t ic s  a t  
c o n c e n tra tio n s  o f  1000 u n i t s  p e n ic i l l in - G  ( N u t r i t io n a l  B iochem ical) and 
lOOyt^g s t r e p to ia y c in - s u lf a te  ( N u t r i t io n a l  B iochem ical) p e r  ml, o r  10 u n i t s  
p e n i c i l l i n  and 1 0 0 s t r e p t omyc i n  p e r  ml w ere added t o  each o f two 
sam ples f o r  2-§- h o u rs  b e fo re  m easurem ents i n  o rd e r  t o  d e te rm in e  t h e i r  
a f f e c t s  on th e  s t a t o b l a s t s .
D e te rm in a tio n  o f  r a d io is o to p e  u p tak e  and in c o rp o ra t io n
In  o rd e r  t o  d e te rm in e  th e  d eg ree  o f  dormancy, two groups o f  
2 5 ° s ta to b la s t s  (one group w hich had been  h e ld  i n  pond w a te r f o r  two 
days a f t e r  r e le a s e  and which had a spontaneous g e rm in a tio n  r a t e  o f 
12 ou t o f  300, and a second group which had been  h e ld  a t  25 C f o r  1?  days
9and had a  spon taneous g e rm in a tio n  r a t e  o f 0 o u t o f  600) were r in s e d
i n  pond w a te r  c o n ta in in g  10 u n i t s  p e n i c i l l i n  and 100yug s trep to m y c in  p e r
14 14ml and in c u b a te d  i n  0 .2 5  ml o f 2 -  C -u r id in e , 2 -  C -thym id ine, o r
Ik  .  \
C -p h en y la lan in e  (U. L. )  * f o r  one hour a t  25 C. F i f t y  s t a t o b l a s t s  p e r
t r e a tm e n t  were p ro cessed  i n t a c t  t o  d e te rm in e  u p tak e  and in c o rp o ra t io n
o f  p r e c u rs o rs .
UPTAKE: A f te r  th e  l a b e l in g  p e r io d , s t a t o b l a s t s  were washed onto  one
in c h  g la s s  f i b e r  f i l t e r s  (Gelman, Type E) w ith  30 ml o f pond w a te r  a t  
4  C# a i r  d r ie d ,  and coun ted  ( s e e  b e lo w ),
INCORPORATION: A f te r  th e  la b e l in g  p e r io d , s t a t o b l a s t s  w ere r in s e d
and s to r e d  in  10$ (w /v) t r i c h l o r o a c e t i c  a c id  (TCA) a t  4  C o v e rn ig h t.
The p r e c i p i t a t e  and v a lv e s  w ere washed on to  g la s s  f i b e r  f i l t e r s  w ith  
c o ld  10$ TCA (ab o u t 100 ml p e r  sam p le). A f te r  e x t r a c t in g  th r e e  tim es 
w ith  95$ e th a n o l and two tim e s  w ith  anhydrous e th e r ,  th e  sam ples were 
a i r  d r ie d  and co u n ted ,
14To d e te rm in e  th e  p e rm e a b il ity  t o  C -u r id in e  and p re se n ce  o f RNA 
s y n th e s is  a f t e r  a c t i v a t io n  by t r a n s f e r  from  4 C t o  25 C, s t a t o b l a s t s  
which had been  s to r e d  a t  4  C ab o u t 60 days were in c u b a te d  a t  25 C in  
1 .0  ml o f  0.001 M t r i s  b u f fe re d  pond w a te r pH 7 .7  w ith  p e n i c i l l i n  and 
s tre p to m y c in  (50  s t a t o b l a s t s  p e r  d e p re s s io n ) .  At v a r io u s  tim es  th e  
sam ples were r in s e d  w ith  pond w a te r  p lu s  a n t i b i o t i c s  t o  d i l u t e  ou t
♦NOTE: C o n ce n tra tio n s  o f r a d io a c t iv e  s o lu t io n s  i n  a l l  s tu d ie s  w ere:
14 ,
2 -  C -u r id in e :  0 .5 /^ c /m l (53 mc/mmole); 2 -  C -thym idine 0 . / ml
(55  mc/mmole)j ^ C -L -p h e n y la la n in e  (U. L. )  0 .25^ e / m l  (3^0  mc/mmole)
A l l  r a d io a c t iv e  m a te r ia ls  w ere from  New England N uclear C o rp o ra tio n .
co n tam in a tin g  b a c t e r i a ,  and th e n  in c u b a te d  in  C -u rid in e  (0 ,2 5  ml p e r  
sam ple) f o r  one h o u r . A f te r  th e  la b e l in g  p e r io d , th e  sam ples were 
p ro c e sse d  a s  d e s c r ib e d  below  t o  d e te rm in e  up tak e  and in c o rp o ra t io n .  
D u p lic a te  sam ples were a ssay ed  f o r  each  age and t re a tm e n t ,
UPTAKE; A f te r  th e  la b e l in g  p e r io d , s t a t o b l a s t s  were washed in  c o ld  
pond w a te r  and i n  0 .004  M u n la b e le d  u r id in e  (Sigm a) i n  pond w a te r  and 
p la c e d  in to  s c i n t i l l a t i o n  v i a l s .  A f te r  a i r  d ry in g , 0 ,2 5  ml o f 
hyam ine hydroxide**  (Hansen and Bush, 1967) was added and th e  s t a t o b l a s t s  
w ere ground w ith  a  b lu n t-e n d  g la s s  ro d . The v i a l s  were h e ld  o v e rn ig h t 
capped a t  25 C and th e n  in c u b a te d  up t o  th r e e  h o u rs  a t  60 C a s  n e c e s sa ry  
t o  d is s o lv e  rem ain in g  t i s s u e .  I f  m e th an o lic  p o tass iu m  h y d ro x id e  was 
u sed  in s te a d  o f  hyamine h y d ro x id e  t o  d issdsre th e  t i s s u e ,  a c o lo red  
s o lu t io n  w hich c o n ta in ed  a  p r e c i p i t a t e  was form ed. Use o f a  l a r g e r  
volume o f hyamine h y d ro x id e  r e s u l t e d  in  a  g r e a t ly  d e c re a se d  co u n tin g  
e f f i c i e n c y .
INCORPORATION: A f te r  th e  la b e l in g  p e r io d , s t a t o b l a s t s  w ere
washed in  c o ld  pond w a te r  and 0 .004  M u r id in e  and p la c e d  in  c o n ic a l  tu b e s  
w ith  i .O  ml o f 10$ TCA. A f te r  g r in d in g  w ith  a  g la s s  ro d , th e  sam ples 
w ere h e ld  o v e rn ig h t a t  4  C. P r e c ip i ta te d  m a te r ia l  in c lu d in g  th e  v a lv e s , 
was th e n  sed im ented  a t  600 X g (1500 rpm) f o r  15 m inu tes  in  th e  
I n te r n a t io n a l  C e n tr ifu g e  ( r o t o r  #  253) a t  4 C. Each sample was e x t r a c te d  
s ix  tim e s  w ith  5$ TCA, th r e e  tim e s  w ith  95$ e th a n o l ,  and two tim es  w ith  
anhydrous e th e r .  A f te r  a i r  d ry in g , hyamine hydrox ide  (0 ,2 5  m l) was added
** hyamine h y d ro x id e -  Rohm and Hass* quart© nary  ammonium s a l t ,  p - ( d i i s o -  
b u ty lc r e s  oxy ethoxy  e t h y l ) d im e th y lb en zy l ammonium c h lo r id e  m onohydrate
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t o  each tu b e , w hich was th e n  h e ld  o v e rn ig h t s to p p e re d  a t  A C. The 
s o lu t io n  minus v a lv e s  was t r a n s f e r r e d  t o  a  s c i n t i l l a t i o n  v i a l  and 
c o u n ted .
In  o rd e r  t o  d e te rm in e  w h eth er th e  in c re a s e d  in c o rp o ra t io n  o f 
u r id in e  i n to  RNA a c tu a l ly  was due t o  de novo s y n th e s is  of RNA, 
s t a t o b l a s t s  were p ro cessed  a s  d e s c r ib e d  above, ex cep t t h a t  ac tin o m y cin  D 
( 25y^g /m l) was added from  e ig h t  t o  tw e lv e  h o u rs  a f t e r  rem oving from  
th e  c o ld  and th ro u g h o u t th e  l a b e l in g  p e r io d .
A l l  sam ples f o r  u p tak e  and in c o rp o ra t io n  d e te rm in a tio n s  were 
p la c e d  in  s c i n t i l l a t i o n  v i a l s  w ith  10 ml s c i n t i l l a t i o n  f l u i d  ( L iq u if lo u r  
i n  d io x an e ; N uclear Chicago) and counted  in  a  N u clear Chicago s c i n t i l l a t i o n  
c o u n te r  w ith  a n  e f f i c i e n c y  o f 30$ a s  d e te rm in ed  by th e  c h a n n e ls - r a t io  
method f i r s t  d e s c r ib e d  by B a i l l i e  ( i 960 ) ( s e e  rev iew  by R apkin, 1 9 6 ?),
To a n a ly z e  th e  d a ta  a l l  r a d i o a c t i v i t y  m easurem ents were c o r re c te d  
by  s u b tr a c t in g  th e  background dpm ( d i s in te g r a t io n s  p e r  m inu te) 
a t t r i b u t a b l e  t o  b a c te r i a  a s s o c ia te d  w ith  th e  v a lv e s .  P re lim in a ry  
c u l tu r e s  in d ic a te d  few ( l e s s  th a n  200 v ia b le  p e r  m l) b a c te r i a  in  th e  
la b e le d  in c u b a tio n  f l u i d ,  b u t a  c o n s id e ra b le  number o f  slow -grow ing 
b a c t e r i a  on th e  v a lv e s  ( i . e . — c o lo n ie s  ap p eared  on n u t r i e n t  ag a r  
p l a t e s  f iv e  t o  seven  days a f t e r  in c u b a tio n  a t  25 C ), T h e re fo re , i t  was 
n e c e s sa ry  t o  d e te rm in e  a  background u p tak e  and in c o rp o ra t io n  on th e  v a lv e s  
due s o le ly  t o  b a c t e r i a .  I n  o rd e r  t o  o b ta in  a  c o r r e c t io n  f a c to r ,  
s t a t o b l a s t s  which had been  h e ld  a t  4  C were ground in  a  m o rta r  t o  o b ta in  
th e  v a lv e s  and r in s e d  t o  remove th e  m a jo r i ty  o f s t a t o b l a s t  t i s s u e  which 
rem ained a t ta c h e d .  In  t h i s  sam ple th e  mean u p tak e  o f ^ C - u r id in e  was 
300 dpm p e r  100 s t a t o b l a s t s ,  b u t  in c o rp o ra t io n  was ze ro  a f t e r  one h o u r
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l a b e l in g  p e r io d . In  a s e p a ra te  sam ple o f  v a lv e s  w hich had been h e ld  
more th a n  100 h o u rs  a t  25 C, and from  which an im als  had  germ ina ted , 
mean u p tak e  was 1500 dpm p e r  100 s t a t o b l a s t s ,  w hereas th e  mean in c o rp o ra t io n  
was 200 dpm p e r  100 s t a t o b l a s t s .  I t  was assumed t h a t  th e  r a t e  o f 
in c re a s e  o f u p tak e  and in c o rp o ra t io n  due t o  b a c t e r i a l  growth was l i n e a r  
d u r in g  in c u b a tio n . F o r s t a t o b l a s t s  o f  a p a r t i c u l a r  ag e , in te r p o la te d  
v a lu e s  w ere s u b tra c te d  from  th e  observed  dpm t o  acco u n t f o r  th e  b a c t e r i a l  
a c t i v i t y .
D e te rm in a tio n  o f p re se n c e  and a c t i v i t y  o f ribosom es and polysom es
S ta to b la s t s  w ere in c u b a te d  a t  25 C in  pond w a te r  i n  f in g e rb o w ls .
At s p e c i f i c  tim e s  d u r in g  in c u b a tio n , sam ples were r in s e d  w ith  pond w a te r
lit,
c o n ta in in g  p e n i c i l l i n  and s tre p to m y c in  and in c u b a te d  in  C -u r id in e ,
A f te r  th e  la b e l in g  p e r io d , s t a t o b l a s t s  were p la c e d  on i c e ,  r in s e d  w ith  
0.00*4- M u r id in e ,  b lo t t e d  on f i l t e r  p ap e r, t r a n s f e r r e d  t o  a  p o rc e la in  
m o rta r  packed i n  i c e ,  and ground w ith  a  p e s t l e  i n  a  t o t a l  volume o f 
e i t h e r  3 .0  o r ^ .0  ml o f  s ta n d a rd  s t e r i l e  b u f f e r  (0.01M KC1; 0 ,0 1  M t r i s j  
0 ,0015  M MgClg pH 7 . 7 )  (W arner, Knopf, and R ich , 19&3) w ith  1 0 0 ^ g /m l 
crude  b e n to n i te  ( F is h e r ) ,  A f te r  g r in d in g , th e  f l u i d  minus v a lv e s  was 
t r a n s f e r r e d  t o  a  SW 39L n i t r o c e l l u l o s e  c e n tr i fu g e  tu b e .  Sodium d eso x y ch o la te  
( F is h e r )  was added t o  a  f i n a l  c o n c e n tra t io n  o f 0 .5 $ . Unbroken c e l l s  
and th e  m a jo r i ty  o f b a c t e r i a  w ere removed by  e e n t r i f u g a t io n  f o r  15 m inu tes 
a t  8 ,000  X g (1 0 ,0 0 0  rpm) in  an  SW 39D r o to r  in  a S p inco  Model L-2 
u l t r a c e n t r i f u g e .  The s u p e rn a ta n t f l u i d  was removed and a  known volume 
( 0 ,5 - 1 .0  ml)was la y e re d  on a  2 6 ,0  ml l i n e a r  su c ro se  g r a d ie n t  ( 5- 26$)(w /w ) 
i n  s ta n d a rd  s t e r i l e  b u f f e r .  S ucrose  was t r e a t e d  w ith  b e n to n i te  ( lO O ^ g /m l)  
b e fo re  p r e p a ra t io n  o f th e  g r a d ie n ts .  The g ra d ie n ts  w ere u l t r a  c e n tr ifu g e d
13
i n  a  SW 25.1  r o to r  a t  60 ,000 X g (2 ^ ,5 0 0  rpm) f o r  two h o u rs  a t  4  C,
F r a c t io n s  were c o l le c te d  d ropw ise  from  th e  bottom  o f  th e  tu b e .  The
volume o f each f r a c t i o n  (ab o u t 1 ,0  m l) was re c o rd e d . Sam ples f o r
r a d i o a c t i v i t y  (0 ,1  ml from  each  f r a c t i o n )  w ere p lac e d  on g la s s  f i b e r
f i l t e r s  and d r ie d  i n  s c i n t i l l a t i o n  v i a l s  a t  60 C, S c i n t i l l a t i o n  f l u i d
( L iq u if lo u r  in  to lu e n e )  (10  ml p e r  v i a l )  was added and sam ples were
coun ted  a t  an  e f f i c i e n c y  o f ab o u t 70 The p e r  c e n t su c ro se  o f
each  f r a c t i o n  was d e te rm in ed  u s in g  a  Bausch and Lomb r e f ra c to m e te r
a t  2*1—25 C, A bsorbance a t  240, 260, 280, and 320 xyu. was d e te rm in ed  on
each  f r a c t i o n  u s in g  1 ,0  cm q u a r tz  c u v e tte s  and re a d  a g a in s t  a  b u f f e r
b la n k  i n  a  Beckman DK-2A o r  Z e is s  PMQ-II sp ec tro p h o to m e te r . A ll
a b so rb a n c ie s  w ere c o r re c te d  a g a in s t  a  s ta n d a rd  ab so rb an ce  curve
f o r  su c ro se  i n  b u f f e r .
S e r i a l  d i l u t i o n  t i t r a t i o n s  i n  n u t r i e n t  b ro th  a t  each s ta g e  i n
th e  p re p a ra t io n  in d ic a te d  t h a t  ab o u t 10^ v ia b le  b a c t e r i a  p e r  ml were
la y e re d  on th e  g ra d ie n t  from  th e  e x t r a c t  o f c o ld  s t a t o b l a s t s j  w hereas 
h
ab o u t 10 v ia b le  b a c te r i a  p e r  ml w ere la y e re d  on th e  g ra d ie n t  from  th e  
e x t r a c t  o f  s t a t o b l a s t s  w hich had  been  ou t o f  th e  co ld  48 h o u rs . A bsorbance 
a t  260 m^ucould n o t have been  due t o  b a c te r i a  s in c e  10^ b a c te r i a  p e r  ml 
a r e  th e  low er l i m i t  o f  v i s i b i l i t y .
D e te rm in a tio n  o f p re sen c e  and a c t i v i t y  o f s p e c i f i c  ty p e s  o f RNA
RNA was e x t r a c te d  and d e p ro te in iz e d  by  m o d if ic a tio n s  o f p ro ced u res  
o f  Brown and L i t tn a  (1 9 6 4 a), H ia t t  (1962) and Vermeulen and Huang ( 1969) .  
S t a to b l a s t s  ( 2 ,0 - 3 .0  g w et w e ig h t)  w ere la b e le d  w ith  ^ C - u r id in e  d u rin g  
in c u b a tio n  a t  25 C, A ll  o f  th e  fo llo w in g  p ro ced u res  w ere c a r r ie d  out 
i n  a co ld  room u s in g  s t e r i l e  s o lu t io n s  and g la ssw a re . A f te r  la b e l in g ,
s t a t o b l a s t s  w ere r in s e d  in  co ld  pond w a te r  p lu s  p e n i c i l l i n  and s tre p to m y c in  
and ground in  a  m o rta r  w ith  4 ,0  ml o f  0 ,1  M sodium a c e ta te  b u f f e r  pH 5*0 
w ith  100y^g/m l crude  b e n to n i te .  F lu id  minus v a lv e s  was ground in  a
t o  a  f i n a l  c o n c e n tra t io n  o f  0 .5$* An. eq u a l volume o f co ld  r e d i s t i l l e d  
pheno l ( s a tu r a te d  w ith  0 ,1  M sodium a c e ta te  b u f f e r  pH 5.0» and c o n ta in in g
10 m inu tes  and c e n tr ifu g e d  5 m inu tes  a t  6000 X g . C r y s ta l l in e  NaCl was 
added t o  th e  aqueous phase t o  a  c o n c e n tra t io n  o f 0 ,1  m o lar; e th a n o l was 
added t o  a  c o n c e n tra t io n  o f  67$ , A f te r  s t i r r i n g ,  th e  s o lu t io n  was 
p la c e d  a t  -18  C f o r  one h o u r . The p r e c ip i ta te d  n u c le ic  a c id s  were 
sed im ented  a t  6000 X g f o r  10 m in u tes  and d is s o lv e d  in  1 ,0  ml o f 
0.01 M sodium  a c e ta te  b u f f e r  pH 5*0, MgCl2 was added t o  a  c o n c e n tra tio n
(S igm a: b o v ine  p a n c re a s , r ib o n u c le a s e - f r e e ) and in c u b a te d  a t  10 C f o r  20
m in u te s , RNA was r e p r e c ip i t a t e d  tw ic e  w ith  NaCl and e th a n o l .  The f i n a l  
p e l l e t  was a i r  d r ie d  and d is s o lv e d  in  0.01 M sodium a c e ta te  b u f f e r  p i  5*0, 
The c h a r a c te r  and amount o f  m a te r ia l  ab so rb in g  a t  260 n ^ w e re  de term in ed  
u s in g  a  Beckman DK-2A re c o rd in g  sp e c tro p h o to m e te r . A known volume o f 
e x t r a c t  was la y e re d  on a  5- 26$ (w/w) l i n e a r  g ra d ie n t  p rep a red  w ith  
r ib o n u c le a s© -f re e  su c ro se  (Mann) i n  0,01 M sodium a c e ta t e  b u f f e r  
pH 5 .0  w ith  10”^  M e th y le n e d ia m in e te tra a c e t ic  a c id  (EDTA). The g ra d ie n ts  
w ere u l t r a  c e n tr ifu g e d  24 h o u rs  a t  42 ,000  X g (2 0 ,0 0 0  rpm) in  a SW 25 .1  r o to r .  
F r a c t io n s  o f one ml w ere c o l le c te d  and t r e a t e d  a s  d e s c r ib e d  above f o r  
f r a c t i o n s  from  polysom e g r a d ie n ts .
g l a s s . t i s s u e  hom ogenizer. Sodium l a u r y l  s u l f a t e  (1 0 $ )(Sigm a) was added
0 ,1  $  8 -h y d ro x y q u in o lin e ) was added . The su sp en s io n  was shaken f o r
o f  0.001 m olar, and th e  s o lu t io n  was t r e a t e d  w ith
RESULTS
D egree o f dormancy i n  s t a t o b l a s t s
R ate  o f oxygen consum ption d e te rm in ed  on newly r e le a s e d  and on 
fo u r-d a y  o ld  25^ s ta to b la s t s  which had been  in c u b a te d  in  pond w a te r  o r 
e i t h e r  o f two c o n c e n tra tio n s  o f  p e n i c i l l i n  and s trep to m y c in  i s  s im i la r  
(T ab le  1 ) ,  S in ce  th e r e  ap p eared  t o  be no e f f e c t  o f e i t h e r  c o n c e n tra tio n  
o f  p a n ic i l l in - s t r e p to m y c in  on r e s p i r a t i o n ,  s t a t o b l a s t s  were in c u b a ted  
i n  th e s e  a n t i b i o t i c s  t o  l i m i t  b a c t e r i a l  c o n ta m in a tio n . S in ce  s t a t o b l a s t s  
e x h ib i t  m easurab le  oxygen consum ption, th e y  canno t be co n s id e re d  
c r y p to b io t ic .
I t  was a l s o  d e te rm in ed  t h a t  in  newly r e le a s e d  s t a t o b l a s t s ,  u p tak e  
and in c o rp o ra t io n  i s  g r e a te r  in  p r o te in  th a n  in  RNA, which in  t u r n  i s  
g r e a te r  th a n  in  DNA (T ab le  2 ) .  W ith tim e  a f t e r  r e l e a s e ,  th e  a b s o lu te  
v a lu e s  d e c re a se  c o n s id e ra b ly , b u t p r o te in  and RNA tu rn o v e r  c o n tin u e  a t  
v e ry  low r a t e s .  M etabolism  o f th e s e  m acrom olecules h a s  n o t ceased  
co m p le te ly  a s  m ight be ex p ec ted  i f  s t a to b l a s t s  w ere c r y p to b io t ic  
(Golub and C legg, 1968).
In d u c tio n  and s y n c h ro n iz a tio n  o f g erm in a tio n
T here i s  a  v e ry  low spontaneous g e rm in a tio n  r a t e  i n  s t a t o b l a s t s  
h e ld  a t  25 C a f t e r  fo rm a tio n  and r e le a s e .  In  o rd e r  t o  o b ta in  q u a n t i t i e s  
o f s t a t o b l a s t s  in  v a r io u s  s ta g e s  o f developm ent, i t  was n e c e s sa ry  t o  
in c r e a s e  th e  p e rc e n ta g e  o f g e rm in a tio n  and t o  a t  l e a s t  p a r t i a l l y  sy n ch ro n ize
15
TABLE 1
RATE OF OXYGEN CONSUMPTION IN 25°STATOBLASTS
T reatm ent
Method o f 
Measurement
Days A f te r  
R elease
Number o f 
S ta to b la s t s  
p e r  Sample
jj~ 1 0^ consumed 
p e r  S ta to b la s t  
p e r  m inute X 10*“^
0 .5
pond w a te r C>2 e le c tro d e new 300 1 .0
1.3.
pond w a te r W arburg 4  days 300 1 .0
A n t ib io t ic  A* O2 e le c tro d e new 300 0 .6
A n t ib io t i c  B* W arburg 4  days 600 1 .0
A *-- 1000 u n i t s  p e n i c i l l i n  and 100 s trep to m y c in  p e r  ml
B*— 100 u n i t s  p e n i c i l l i n  and 100 A»-g s tre p to m y c in  p e r  ml
16
TABLE 2
UPTAKE AMD INCORPORATION INTO TCA-INSOLUBLE MATERIAL OF ^C-LABELED 
URIDINE, THYMIDINE, AND PHENYLALANINE IN 25°DORMANT STATOBLASTS 
(dpm s= d i s in te g r a t io n s  p e r  m in u te ; one h o u r l a b e l in g  p e r io d )
Days A f te r  
R e lease
U rid in e
dpm p e r  100 S ta to b la s t s
Thymidine P h en y la lan in e
Uptake
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developm ent. The m a jo r i ty  o f s t a t o b l a s t s  which had been  s to r e d  a t  4 C 
f o r  34 days germ ina ted  and d eveloped  w ith in  10 days a f t e r  b e in g  p la ce d  
a t  25 C, w hereas g e rm in a tio n  was c o n s id e ra b ly  l e s s  in  th o s e  h e ld  a t  
25 C and no an im als  developed  (F ig .  l ) .  S to rag e  a t  4  C f o r  lo n g e r  
p e r io d s  o f tim e  r e s u l t e d  i n  more r a p id  and more synchronous g e rm in a tio n s  
on r e tu r n  t o  25 C. A f te r  s to ra g e  a t  4 C f o r  abou t two m onths, g e rm in a tio n  
o c cu rred  a f t e r  72-98 h o u rs  a t  25 C; a f t e r  e ig h t  m onths' s to ra g e  a t  4  C 
98$ o f th e  s t a t  o b la s ts  germ ina ted  by  70 h o u rs ' tre a tm e n t a t  25 C, 
S t a to b la s t s  which had been  s to r e d  f o r  th r e e  t o  fo u r  months a t  4  C 
w ere used  f o r  th e  m a jo r i ty  o f  th e  exp erim en ts  d e s c r ib e d  below .
P a t te r n  o f developm ent
In  o rd e r  t o  observe  b io c h e m ica l mechanisms a t  d i f f e r e n t  s ta g e s  
a f t e r  a c t i v a t io n ,  i t  was n e c e s sa ry  t o  e s ta b l i s h  m o rp h o lo g ica l c r i t e r i a  
f o r  age and s ta g e  o f  developm ent. A d e s c r ip t io n  o f th e  developm ental 
sequence a s  a  fu n c t io n  o f age a f t e r  rem oving from  4 C i s  found in  T ab le  3* 
B eg inn ing  from  70 t o  98 h o u rs  o u t o f  th e  co ld , th e  s t a t  o b la s t  g erm in a tes  
(o p e n s ) . I n  t h i s  s ta g e ,  which l a s t s  abou t 24 h o u rs , an  opaque b a l l  
o f  c e l l s  i s  v i s i b l e  betw een th e  v a lv e s .  At 24 h o u rs  t o  3& h o u rs  a f t e r  
open ing , a t r a n s lu c e n t  t i s s u e  mass p ro tru d e s  from  betw een th e  v a lv e s .
From 36 t o  48 h o u rs  a f t e r  g e rm in a tio n  th e  com plete an im al w ith  lophophore , 
t e n t a c l e s ,  gu t and pigm ented ep istom e d e v e lo p s . Budding h as  been  
observed  t o  b e g in  ab o u t 48 h o u rs  a f t e r  g e rm in a tio n . Animals and buds 
may su rv iv e  up t o  one week w ith o u t m ain ten an ce . The f i r s t  ev id en ce  o f 
d e g e n e ra tio n  i s  r e s o r p t io n  o f th e  g u t;  th e n  th e  buds a re  re so rb e d ; and 
f i n a l l y  th e  lophophore d e g e n e ra te s .
P er c e n t g e rm in a tio n  on t r a n s f e r  t o  25 C o f  s t a t  o b la s ts  
w hich had  been  s to re d  a t  4  C f o r  tim e  p e r io d s  o f 34 days 
(600  s t a t o b l a s t s ) ,  65 days (300  s t a t o b l a s t s ) ,  and e ig h t  
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TABLE 3
NORMAL DEVELOPMENTAL SEQUENCE 
S ta to b la s t s  w ere s to r e d  a t  4  C fo u r  months b e fo re  t r a n s f e r  t o  25 C
Stag© o f 
Development
Hours a f t e r  
G erm ination
D e s c r ip tio n
C losed 0 V alves h a rd , b r i t t l e ,  and t i g h t l y  
c lo se d
Open 0 V alves open and c o n ta in  opaque 
mass o f  c e l l s
P ro tru d in g 2^"3^ T ra n s lu c e n t t i s s u e  mass p ro tru d in g  
from  betw een v a lv e s
Anim al 36-48 Complete g u t, pigm ented ep is tcm e ,
and lophophore w ith  c i l i a ;  Responds 
t o  m echan ical s t im u la t io n
Budding more th a n Bud com plete w ith in  2h h o u rs ; R are ly
**8 more th a n  one bud p e r  an im al
20
D e te rm in a tio n  o f th e  e f f e c t  o f ac tin o m y c in  D on developm ent
21
A ctinom ycin D was used t o  d e te rm in e  th e  p re sen ce  o f RNA s y n th e s is  
e a r ly  a f t e r  a c t i v a t io n ,  t o  d e te rm in e  i f  RNA s y n th e s is  i s  r e q u ire d  f o r  
norm al developm ent, and t o  d e f in e  th e  tim e  sequence o f RNA s y n th e s is
had been  s to re d  a t  4  C i s  n o t a f f e c te d  by ac tin o m y cin  D a t  c o n c e n tra tio n s
ac tin o m y c in  D germ ina ted  e a r l i e r  th a n , a t  th e  same tim e  a s ,  and l a t e r  
th a n  s t a t o b l a s t s  i n  pond w a te rfT a b le  4 ) .  However, m a tu ra tio n , a s  
m easured by th e  p e r  c e n t o f  an im als  and an im als  d e v e lo p in g  buds, was 
q u a n t i t a t i v e l y  in h ib i te d  (F ig .  2 ) .
S in ce  50^Ag/ml ac tin o m y c in  D produced th e  most profound  m o rp h o lo g ica l 
a b n o rm a lit ie s ,  t h i s  c o n c e n tra t io n  was used  t o  d e te rm in e  i f  RNA s y n th e s iz e d  
a t  p a r t i c u l a r  t im e s  a f t e r  rem oving from  4 C cou ld  be  r e l a t e d  t o  
developm ent o f  s p e c i f i c  m o rp h o lo g ica l s t r u c tu r e s .  S ta to b la s t s  w ere p la ce d
s p e c i f i c  t im e s .  The tim e  a t  w hich th e  s t a t o b l a s t s  were p la c e d  in  th e  
d ru g  d e te rm in ed  th e  e x te n t  o f  developm ent (T ab le  5)» I f  s t a t o b l a s t s  
w ere p la c e d  i n  ac tin o m y cin  D a t  tim e s  up t o  18 h o u rs  a f t e r  t r a n s f e r  t o  
25 C, developm ent was l im i te d  t o  a  p re lim in a ry  s ta g e  o f t r a n s lu c e n t
s ta g e  w here t r a n s lu c e n t  t i s s u e  i s  p ro tru d in g  from  betw een th e  v a lv e s .
lophophore  w ith  t e n t a c l e s  and c i l i a ,  pigm ented ep isto m e, and th e  a b i l i t y  
t o  r e t r a c t  t o  m echan ica l s tim u lu s , b u t ,  w ith  abnorm ally  sm all o rg an s,
f o r  norm al m o rp h o lo g ica l developm ent. G erm ination  o f s t a t o b l a s t s  which
In  d i f f e r e n t  ex p erim en ts  s t a t o b l a s t s  in c u b a te d  in
ac tin o m y cin  D was added t o  sam ples, a t
t i s s u e .  RNA s y n th e s is  must occu r betw een 18 and 44 h o u rs  a t  25 C, 
s in c e  s t a t o b l a s t s  p laced  i n  ac tin o m y cin  D a t  44 h o u rs  dev e lo p  t o  th e
I f  actinoraycdn D i s  added a t  68 h o u rs  ( a t  abou t th e  tim e  o f  g e rm in a tio n )  






































































































F ig . 2 ,. P e rc en tag e  o f  m ature  an im als  -which d ev e lo p  d u r in g  in c u b a tio n  
a t  25 C i n  d i f f e r e n t  d o ses  o f  ac tin o m y cin  D ( .1 2 .5 /^ g /n l*  
25y*g/m l; and SO/j^g/mL) . The s t a t o b l a s t s  had  been s to r e d  
a t  ^  C f o r  11 d ay s . They w ere h e ld  f o r  150 h o u rs  a t  25 C 
b u t had n o t germ ina ted  b e fo re  placem ent in  a  tre a tm e n t 
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bumpy e p id e rm is , and more opaque body. I t  may be in f e r r e d  from  th e s e  
r e s u l t s  t h a t  by  th e  tim e  o f g e rm in a tio n , RNA re q u ire d  f o r  developm ent o f  
a  norm al an im al h as  been  s y n th e s iz e d ,
14P e rm e a b ili ty  t o  C -u r id in e  and p re sen ce  o f RNA s y n th e s is
14In  s tu d ie s  t o  d e te rm in e  th e  e x te n t  t o  which C -u r id in e  u p tak e  and 
in c o rp o ra t io n  occu rs  a f t e r  t r a n s f e r  from  4  C t o  25 C, i t  was found t h a t  
a lth o u g h  Uptake may be low, i t  i s  m easurab le  seven  h o u rs  a f t e r  rem oving 
from  4  C (F ig .  3)* C lea r in c o rp o ra t io n  i s  n o t e v id e n t u n t i l  20-40 h o u rs  
in c u b a tio n . These d a ta  in d ic a te  t h a t  th e r e  i s  a t  l e a s t  tu rn o v e r  o f 
RNA p re c u rs o r  b e fo re  g e rm in a tio n . T h is  i s  a  f in d in g  which i s  c o n s is te n t  
w ith  th e  th e o ry  t h a t  an  a c t i v a t io n  tim e  p reced es  g e rm in a tio n  in  dorm ant 
system s ( Suss man and H alv o rso n , 1 966). The changes e v id e n t i n  th e  
in c o rp o ra t io n  may be due t o  in c re a s e d  p e rm e a b il ity , d e c re a se d  p rim ary  
i n t r a c e l l u l a r  p re c u rs o r  p o o l s i z e ,  o r  a c t iv e  s y n th e s is  o f  RNA b e fo re  
g e rm in a tio n .
A ctinom ycin D d e c re a se d  p e rm e a b il ity  and in h ib i t e d  i n i t i a t i o n  o f 
u r id in e  in c o rp o ra t io n  in to  RNA u n t i l  40-60 ho u rs  in c u b a tio n  a t  25 C 
(F ig .  3)* By 98 h o u rs  in c u b a tio n , u p tak e  and in c o rp o ra t io n  w ith  o r 
w ith o u t th e  d ru g  was th e  same. The e a r ly  i n h ib i t i o n  o f u p tak e  and 
in c o rp o ra t io n  i n t o  RNA may c o n tr ib u te  t o  d evelopm en ta l a b n o rm a lit ie s  
m a n ife s t  i n  th e  a d u l t .
D e te rm in a tio n  o f  th e  p re se n c e  and a c t i v i t y  o f ribosom es and polysom es
Ribosomes and polysom es a r e  c e l l u l a r  u n i t s  f u n c t io n in g  i n  p r o te in  
s y n th e s is  w hich a r e  composed o f RNA, The q u e s tio n  a ro se  a s  t o  how changes 
e v id e n t in  RNA m etabolism  a f f e c t  th e  p resen ce  and a c t i v i t y  o f polysomes
26
F ig ,  3* Uptake and in c o rp o ra t io n  o f  ^ C - u r id in e  i n  s t a t o b l a s t s  
a t  v a r io u s  tim e s  a f t e r  t r a n s f e r  t o  25 C. Each p o in t  
r e p re s e n ts  an  av e rag e  o f  two sam ples and was c o r re c te d  f o r  
a c t i v i t y  o f  b a c t e r i a  a s s o c ia te d  w ith  v a lv e s ,  "G” in d ic a te s  
tim e  o f g e rm in a tio n , (dpei -  d i s in te g r a t io n s  p e r  m in u te ; 
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2?
and f r e e  r ib o so m es.
The su c ro se  g ra d ie n t  p a t te r n  shown in  F ig . 4 , ,  f o r  s t a t o b l a s t s  
s to r e d  a t  U C ab o u t fo u r  months and in c u b a te d  a t  25 C f o r  96 h o u rs  
in c lu d in g  C -u r id in e  f o r  th e  f i n a l  12 h o u rs , i s  t y p i c a l  o f  th e  r e s u l t s  
o b ta in e d  from  a l l  sam ples. Some o f th e  s t a t o b l a s t s  i n  t h i s  p r e p a ra t io n  
had  germ in a ted  by 96 h o u rs . T here i s  no prom inent polysome re g io n , 
b u t th e r e  i s  a  marked abso rb an ce  peak in  th e  monosome re g io n . C om pilation  
o f  d a ta  o b ta in e d  from  it a t  o b la s t s  -which had been  in c u b a te d  a t  25 C f o r  
d i f f e r e n t  tim e  p e r io d s  b e fo re  e x t r a c t io n  shows a  d i s t i n c t  in c re a s e  in  
th e  ab so rb an ce  i n  t o t a l  f r e e  ribosom es and a  s l i g h t  in c r e a s e  in  th e  
polysome re g io n  o f  th e  g ra d ie n t  w ith  tim e a f t e r  in c u b a tio n  a t  25 C 
(F ig .  5A). D uring th e  in c u b a tio n  p e r io d  th e r e  i s  a  marked in c re a s e  in  th e  
amount o f la b e le d  p re c u rs o r  in c o rp o ra te d  in to  th e  monosome re g io n , b u t 
o n ly  a s l i g h t  in c r e a s e  in  th e  polysome re g io n  (F ig ,  5B), I t  ap p ears  
t h a t  RNA i s  b e in g  s y n th e s iz e d , b u t ,  b ecause  o f a  lo n g  la b e l in g  p e r io d , i t  
i s  im p o ss ib le  t o  d e te rm in e  i f  th e  u r id in e  found i n  th e  monosome peak 
i s  in c o rp o ra te d  i n to  rib o so m al RNA o r i n to  m essenger RNA which has 
rem ained a t ta c h e d  t o  f r e e  ribosom es due t o  polysome breakdow n.
D ete rm in a tio n  o f th e  p re se n c e  o f s p e c i f i c  ty p e s  o f  RNA
T o ta l  RNA was e x t r a c te d  and p u r i f i e d  from  s t a t o b l a s t s  d u r in g  in c u b a tio n  
a t  25 C i n  o rd e r  t o  d e te rm in e  w hether changes o c cu rred  in  th e  p ro p o rtio n s  
o f  d i f f e r e n t  ty p e s  o f RNA which could  be  e x tr a c te d  from  s ta to b la s t s ?  and 
a l s o ,  t o  d e te rm in e  by  la b e l in g  w ith  ^ C - u r id in e ,  i f  s e q u e n t ia l  s y n th e s is  
o f  re c o g n iz a b le  ty p e s  o f RNA o c c u rre d .
The r e s u l t s  o f  RNA m easurem ents a r e  g iven  in  T ab le  6 , The two m ajor
28
F ig .  D is t r ib u t io n  p a t t e r n  o f  ribosom es and polysom es on su c ro se
g r a d ie n t .  S ta to b la s t s  "which had  been  s to r e d  ab o u t f o u r  
months a t  4  C and in c u b a te d  96 h o u rs  a t  25 C w ith  ^ C -u r id in ©  
th e  f i n a l  12 h o u rs  o f in c u b a tio n  were g e n tly  ground i n  a  
m o rta r . The 8 ,0 0 0  X g s u p e rn a ta n t f l u i d  was sedim ented  
two h o u rs  a t  60,000  X g i n  a  SW 2 5 .1  r o to r  on a  5~26$ 
l i n e a r  su c ro se  g r a d ie n t .  Some s t a t o b l a s t s  had  germ inated  
by  t h e  tim e  o f e x t r a c t io n .  (A bsorbance a t  260/ m&v—& ;
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(A) A bsorbance a t  260 m /cand (B) In c o rp o ra t io n  o f 
14C -u r id in e  i n to  polysom es and ribosom es a s  a  f u n c t io n  o f 
tim e  a t  25 C. By 96 h o u rs , some o f  th e  s t a t o b l a s t s  had 
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peaks which ab so rb  a t  26(3 iyj, a r e  assumed t o  be 18 S and 28 S s t a t  o b la s t  
RNA b u t th e r e  i s  no c l e a r l y  d e f in e d  S peak . T here i s  an  in c re a s e  p e r  
gram wet w eigh t o f  s t a t o b l a s t s  i n  th e  t o t a l  amount and in  th e  p ro p o r t io n s  
o f  m a te r ia l  a b so rb in g  a t  260 un d er th e  18 S and 28 S peaks w ith  
tim e  o f in c u b a tio n . The la b e le d  m a te r ia l  d id  n o t c o in c id e  w ith  th e  
a b so rb in g  m a te r ia l ,  e s p e c ia l ly  a t  th e  28 S peak (F ig ,  6 ) ,  The la b e le d  
m a te r ia l  i s  m ost l i k e l y  b a c t e r i a l  RNA s in c e  d i l u t i o n  t i t r a t i o n s  in d ic a te d  
t h a t  th e r e  w ere a t  l e a s t  10^ v ia b le  b a c t e r i a  p e r  ml i n  th e  p rim ary  
e x t r a c t .  S in ce  i t  was n o t p o s s ib le  t o  l a b e l  s t a t  o b la s t  RNA w ith o u t a l s o  
l a b e l in g  b a c t e r i a l  RNA, i t  was n o t p o s s ib le  t o  d em o n stra te  th e  s e q u e n t ia l  
s y n th e s is  o f  s p e c i f i c  ty p e s  o f  RNA p r io r  t o  g e rm in a tio n .
F ig ,  6 , D i s t r ib u t io n  o f p u re  RNA e x tr a c te d  from  s t a t o b l a s t s
i t
in c u b a te d  a t  25 C f o r  71 h o u rs  in c lu d in g  C -u r id in e  
f o r  th e  f i n a l  12 h o u rs . P ure RNA was o b ta in e d  by co ld  
pheno l e x t r a c t io n .  The f i n a l  p r e p a ra t io n  was t r e a t e d  w ith  
d eo x y rib o n u c le a se  and c e n tr i fu g e d  on a  su c ro se
g ra d ie n t  f o r  2k h o u rs  a t  k 2 , 000 X g . V e r t ic a l  b a r s  
r e p re s e n t  s ta n d a rd  d e v ia t io n  f o r  r a d i o a c t i v i t y ,
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DISCUSSION
S ta to b la s t s  a r e  i n  a  s t a t e  o f dormancy b u t n o t o f  c ry p to b io s is  •
The r e s u l t s  in d ic a te  t h a t  b o th  r e s p i r a t i o n  r a t e s  and tu rn o v e r  o f  
p re c u rs o rs  i n to  RNA and p r o te in  a r e  m easu rab le  in  dorm ant s t a t o b l a s t s .
By c o n t r a s t  i n  th e  c r y p to b io t ic  c y s t  o f  A rtem ia s a l i n a .  r e s p i r a t i o n  
r a t e  i s  ex trem ely  low (M uramatsu, I9 6 0 ; Emerson, 1963 ) .
I t  i s  p o s s ib le  t o  s t im u la te  g e rm in a tio n  and t o  p a r t i a l l y  sy n ch ro n ize  
developm ent by a  co ld  tre a tm e n t s im i la r  t o  t h a t  found i n  n a tu r e .  I t  i s  
a l s o  a p p a re n t t h a t  th e  r a t e  o f  g e rm in a tio n  in c re a s e s  w ith  a  lo n g e r  
s to ra g e  p e r io d  a t  4  C, A re q u ire d  p e r io d  o f  i n a c t i v i t y  i s  c h a r a c t e r i s t i c  
o f  many dorm ant system s (Sussman and H alvo rson , 1966) ,  T em perature 
e f f e c t s  on dormancy have been  d e s c r ib e d  f o r  sponge gemmules i n  which 
in c re a s e d  g e rm in a tio n  i s  induced  by f i r s t  c o o lin g  and th e n  rewarm ing 
( s e e  rev iew  by  Bayer and Owre, 1968), and f o r  d ia p a u s in g  in s e c ts  
( W iggle sw orth , 1964; R ing, 1968) and b a c t e r i a l  sp o re s  ( s e e  rev iew  by 
Sussman and H alvo rson , 1966) i n  which resu m p tio n  o f  developm ent i s  
induced  by te m p e ra tu re  shock ,
RNA i s  a l r e a d y  p re s e n t  i n  dorm ant s t a t o b l a s t s  b e fo re  a c t i v a t io n  
by  t r a n s f e r  t o  25  C. Most o f  th e  dorm ant RNA p u r i f i e d  by pheno l e x t r a c t io n  
banded a t  th e  to p  o f  a  5-26$ su c ro se  g ra d ie n t  and r e p re s e n ts  e i t h e r  a 
l a r g e  su p p ly  o f  s o lu b le  RNA o r  r ib o so m al breakdown p ro d u c ts .  B e n to n ite
33
34
was p re s e n t  th ro u g h o u t th e  e x t r a c t io n  t o  i n h i b i t  r ib o n u c le a s e . D uring 
dormancy, s u b s t a n t i a l  am ounts o f 28 S and 18 S r ib o so m al RNA a r e  p r e s e n t .  
When dorm ant s t a t o b l a s t s  a r e  g e n t ly  ground and th e  p o s tm ito c h o n d r ia l 
s u p e rn a ta n t f r a c t i o n  s e p a ra te d  on a  su c ro se  g ra d ie n t ,  th e  r e s u l t s  in d ic a te  
t h a t  RNA i s  p re s e n t  i n  th e  form  o f  many ribosom es ( e i t h e r  f r e e  o r  a t ta c h e d  
t o  membranes) and a  low  p o p u la tio n  o f polysom es. F re e  ribosom es ( S u i t in  
and M o rris , 1968) and polysom es (C legg and Golub, 1969) have a l s o  
b een  found s to r e d  i n  th e  cy top lasm  o f am e ta b o lic  A rtem ia c y s t s .
RNA s y n th e s is  o ccu rs  d u r in g  th e  a c t i v a t io n  p e r io d  b e fo re  g erm in a tio n
a s  d em o n stra ted  by : 1 )  in c re a s e d  in c o rp o ra t io n  in to  RNA b eg in n in g
20-40 h o u rs  in c u b a tio n ;  2 ) i n h i b i t i o n  o f t h i s  in c o rp o ra t io n  by ac tin o m y cin
D u n t i l  40-60 h o u rs  in c u b a tio n ;  3 ) marked in c re a s e  in  p o s tm ito c h o n d r ia l
ribosom es and s l i g h t  in c re a s e  i n  polysom es d u r in g  in c u b a tio n ;  4 )  marked 
i 4in c r e a s e  i n  C -u r id in e  a s s o c ia te d  w ith  ribosom es and polysom es d u rin g  
p re g e rm in a tio n  p e r io d ;  and 5) & d o u b lin g  o f  th e  ab so rb an ce  a t  260 a o -
o f  p u re  RNA a s s o c ia te d  w ith  28 S and 18 S p eak s . S in ce  an  in c re a se d
14
u p ta k e  o f C -u r id in e  o ccu rs  d u r in g  a c t iv a t io n ,  s t a t o b l a s t  p e rm e a b il i ty  
p ro b a b ly  in c re a s e s  d u r in g  th e  p re g e rm in a tio n  p e r io d .  Low p e rm e a b il i ty  
b e fo re  a c t i v a t io n  i s  c h a r a c t e r i s t i c  o f  s e v e ra l  dorm ant sy s tem s. P ia t ig o rs k y  
and W h ite ly  ( 1965) d em o n stra ted  t h a t  i n  th e  u n f e r t i l i z e d  eggs o f 
S tro n g y lo c e n tru s  p e rsp u ra tu s  p e rm e a b il i ty  t o  ^ C - u r id in e  i s  v e ry  low, 
b u t  i n  f e r t i l i z e d  eggs th e r e  i s  a  c o n c e n tra tio n  o f  th e  la b e le d  m a te r ia l .  
S ie k e v i tz ,  Maggio, and C ara lan o  (1966) a ls o  showed low p e rm e a b il i ty  in  
eggs o f  S p h aerech in u s  g r a n i l a r i s  t o  a  m ix tu re  o f % - u r id in e  and % - c y t id in e ,  
b u t  showed in c re a s e d  u p tak e  a f t e r  f e r t i l i z a t i o n .  In c re a s e d  p e rm e a b il i ty ,  
p re se n c e  o f  b a c t e r i a  (ev en  though  a  c o r r e c t io n  f a c t o r  was d e te rm in e d ),
and th e  unknown s iz e  o f  p re c u rs o r  p o o ls  a l l  l i m i t  i n t e r p r e t a t i o n  o f
in c o rp o ra t io n  s tu d ie s ,  b u t  i n h ib i t i o n  o f in c o rp o ra t io n  by ac tin o m y c in  D
i l l u s t r a t e s  t h a t  a t  l e a s t  f o r  a  l im i te d  p e r io d  th e  in c o rp o ra t io n
r e p re s e n ts  s y n th e s is  o f  RNA b e fo re  g e rm in a tio n . A lthough i t  i s
p o s s ib le  t h a t  some ribosom es a r e  r e le a s e d  from  a  bound c o n d it io n  d u r in g
a c t iv a t io n ,  th e  d a ta  showing an  in c re a s e d  ribosom e complement to g e th e r
14w ith  th e  in c re a s e d  C -u r id in e  in c o rp o ra t io n  in to  ribosom es and th e
in c re a s e d  amount o f  p h e n o l- e x tra c ta b le  18 S and 28 S rRNA a l l  in d ic a te  
t h a t  ribosom es a r e  b e in g  s y n th e s iz e d  de novo on a c t i v a t i o n .  I t  i s  a l s o  
p o s s ib le  t h a t  t h e r e  a r e  s to r e d  polysom es t h a t  a r e  r e le a s e d  a f t e r  a c t i v a t io n  
a s  h as  been  d e s c r ib e d  f o r  sea  u rc h in  eggs (Monroy and T y le r ,  1963).
The m ain ev id en ce  in d ic a t in g  th e  s p e c i f i c  s y n th e s is  o f  m essenger RNA i s  
th e  l im i te d  - u r id in e  in c o rp o ra t io n  in to  polysome re g io n s  o f su c ro se  
g r a d ie n ts .  R e lea se  o f preprogrammed p a r t i c l e s  cannot be d isc o u n te d ; 
b u t ,  s in c e  s y n th e s is  o f  xnRNA i s  an  e a r ly  ev en t in  o th e r  dorm ant system s 
a c t iv a t io n  (Bachvarova e t  a l . ,  1964; Brown and Gurdon, 1966), mRNA i s  
m ost l i k e l y  a l s o  sy n th e s iz e d  e a r ly  in  s t a t o b l a s t  a c t i v a t io n .  A l l  o f 
th e s e  s tu d ie s  in d ic a te  t h a t  th e  amount o f  RHA in c re a s e s  b e fo re  g e rm in a tio n . 
T h is  f a c t  a g re e s  a t  l e a s t  i n  p a r t  w ith  t o t a l  RNA d e te rm in a tio n s  u s in g  
th e  o r c in o l  method i n  w hich a  30% in c r e a s e  in  t o t a l  RNA could  be d e te c te d  
b e fo re  g e rm in a tio n  (P roud and B lack , 1 969).
Not o n ly  does RNA s y n th e s is  o ccu r b e fo re  g e rm in a tio n , b u t t h a t  
s y n th e s is  i s  r e q u ire d  f o r  developm ent o f  com plete norm al a n im a ls . 
A ctinom ycin  D was used  t o  i n h i b i t  RNA s y n th e s is  by i r r e v e r s i b l y  b in d in g  
t o  th e  dGMP re s id u e  o f th e  p rim er DNA a c t iv e  i n  RNA t r a n s c r i p t i o n  
(G oldberg , R abinow itz  and R e i c h 1962; R eich e t  a l . ,  1962),
36
When dorm ant s t a t o b l a s t s  w ere in c u b a te d  i n  50y^g/m l ac tin o m y c in  D, 
developm ent o ccu rred  o n ly  t o  th e  s ta g e  o f t r a n s lu c e n t  t i s s u e .  I t  may be 
concluded  t h a t  th e r e  w ere s u f f i c i e n t  gene p ro d u c ts  a l r e a d y  p re s e n t d u rin g  
dormancy t o  p e rm it l im i te d  developm ent. S im i la r ly ,  ac tin o m y cin  D has been  
used  t o  h e lp  d em o n stra te  th e  p re sen ce  o f gene p ro d u c ts  which c o n ta in  
in fo rm a tio n  t o  p e rm it o n ly  l im i te d  developm ent i n  sea  u rc h in  eggs (G ross 
and C ousineau, 1964), Xenopus l a e v is  eggs (B achvarova e t  a l . ,  1964), and 
o th e r  am phibian  eggs (B ra ch e t ©t a l . ,  1 9 64). RNA s y n th e s iz e d  in  
s t a t o b l a s t s  betw een 18 and 44 h o u rs  in c u b a tio n  a t  25  0 p e rm itte d  
developm ent t o  th e  s ta g e  o f  p ro tru d in g  t r a n s lu c e n t  t i s s u e ,  RNA 
sy n th e s iz e d  betw een 44 and 68 h o u rs  in c u b a tio n  p e rm itte d  th e  m a jo r i ty  o f 
s t a t o b l a s t s  t o  d ev e lo p  i n to  com plete an im als  w ith  lophophore , t e n t a c l e s ,  
a c t iv e  c i l i a ,  pigm ented ep istom e and g u t;  b u t w ith  abnorm ally  sm a ll 
o rg an s, bumpy e p id e rm is , and more opaque body th a n  c o n t r o ls .  G erm ination  
o c cu rred  by  68 h o u rs  in c u b a t io n .  E i th e r  s y n th e s is  o f RNA n e c e ssa ry  
f o r  "norm al” developm ent o ccu rred  betw een 44 and 68 h o u rs  in c u b a tio n  
and h a s  been  in h ib i te d  by ac tin o m y cin  D, o r a  m e ta b o lic  e f f e c t  due t o  
th e  p re sen ce  o f th e  d ru g  h a s  o ccu rred  (L a sz lo  e t  a l . ,  1 9 66). Animals 
which were p la ce d  in  ac tin o m y c in  D a f t e r  90 and 102 h o u rs  in c u b a tio n  
d ev elo p ed  more n o rm a lly  th a n  th o s e  t r e a t e d  b e fo re  g e rm in a tio n . The 
s im p le s t  i n t e r p r e t a t i o n  o f  th e  absence  o f a m ajor e f f e c t  by ac tin o m y cin  D 
i n  s t a t o b l a s t s  t r e a t e d  a f t e r  g e rm in a tio n  i s  t h a t  by th e  tim e  o f opening 
m ost o f  th e  RNA re q u ire d  f o r  norm al developm ent o f th e  an im al had  been 
s y n th e s iz e d . However, s in c e  DNA s y n th e s is  i s  i n i t i a t e d  around th e  tim e  
o f  g e rm in a tio n  (P roud and B lack , 1969), i t  i s  p o s s ib le  t h a t  a f t e r  
g e rm in a tio n  th e  c o n c e n tra t io n  o f ac tin o m y cin  D i s  i n s u f f i c i e n t  t o
3?
i n h i b i t  s y n th e s is  o f a l l  RNA b ecau se  o f th e  in c re a s in g  amount o f DM 
which m ight b© t r a n s c r ib e d  b e fo re  com bining w ith  th e  d ru g .
I t  was n o t p o s s ib le  t o  d e te rm in e  s e q u e n t ia l  s y n th e s is  o f ty p e s  o f 
RNA. a f t e r  a c t i v a t i o n  becau se  o f b a c t e r i a l  c o n ta m in a tio n . An e x c e l le n t  
re v ie w  by D enis (1968) summarizes s tu d ie s  such a s  t h i s  which have been 
perform ed on o th e r  sy stem s. Brown and L i t tn a  (1964a) concluded from  
p u re  RNA e x t r a c t io n  and su c ro se  g ra d ie n t  s e d im e n ta tio n  a t  v a r io u s  tim e s  
a f t e r  f e r t i l i z a t i o n  o f Xenopus l a e v i s  eggs, t h a t  la b e l in g  due t o  
tu rn o v e r  o f  n u c le o t id e s  i n  sRM  (Brown and L i t tn a ,  1964b) s t a r t s  a t  
th e  b eg in n in g  o f c leav ag e  and c o n tin u e s  th ro u g h o u t developm ent, A n e t 
s y n th e s is  o f  sRNA and rRNA cou ld  be d e te c te d  o n ly  a f t e r  th e  o n se t o f  
g a s t r u l a t i o n .  Ribosom al RNA accu m u la tes  d u r in g  developm ent. Brown and 
Gurdon (1966) found  t h a t  mRNA i s  sy n th e s iz e d  i n  th e  embryos o f Xenopus 
l a e v i s  from  c leav ag e  on. L ikew ise  G l is in  and G l is in  (1964) d e s c r ib e  
t h e  tu rn o v e r  o f te rm in a l  CCA on sRNA t o  be th e  f i r s t  ev en t in  RNA 
s y n th e s is  a f t e r  f e r t i l i z a t i o n  o f sea  u rc h in  eg g s . Comb and Brown (1964) 
a l s o  s tu d y in g  sea  u rc h in  embryos found  no in c re a s e  i n  t o t a l  amount o f 
rRNA u n t i l  th e  g a s t r u la  s ta g e .
I n  f u tu r e  s tu d ie s ,  i t  would be o f  i n t e r e s t  t o  s p e c i f i c a l l y  d e te rm in e  
th e  sequence o f  ty p e s  o f RNA and o f f r e e  ribosom es and polysom es form ed 
b e fo re  g e rm in a tio n  a f t e r  f i r s t  a s s u r in g  com plete b a c t e r i a l  d eco n ta m in a tio n . 
A lso , i t  would b e  o f  i n t e r e s t  t o  d e te rm in e  more p r e c i s e ly  th e  d i f f e r e n c e s  
betw een dorm ant s t a t o b l a s t s  m a in ta in ed  a t  25 C and th o s e  s to r e d  a t  4 C. 
F in a l ly ,  d e te rm in a tio n  o f ac tin o ray c in  D e f f e c t s  on s p e c i f i c  o rgan  and 
t i s s u e  ty p e s  i n  com bination  w ith  a u to ra d io g ra p h ic  a n a ly s is  o f RNA s y n th e s is  
would f u r t h e r  d e f in e  th e  tim e  and s i t e s  o f gene a c t iv a t io n  in  t h i s  system .
In  c o n c lu s io n , i t  i s  e v id e n t from  the. r e s u l t s  r e p o r te d  h e re  t h a t  
dorm ant s t a t o b l a s t s  c o n ta in  a  complement o f f r e e  ribosom es and some 
polysom es; t h a t  on t r a n s f e r  t o  25 C th e  genome i s  a c t iv a te d  and RNA i s  
s y n th e s iz e d ;  t h a t  th e  RNA sy n th e s iz e d  i s  most l i k e l y  rRNA and p o s s ib ly  
some mRNA; and f i n a l l y ,  t h a t  th e  newly s y n th e s iz e d  RNA i s  r e q u ire d  f o r  
com plete developm ent o f th e  norm al a d u l t .
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